This paper proposes a hybrid system for evaluating the dropout risk for students enrolled in the first year of tertiary education, based on data collected from an engineering faculty in Romania. The system determines the profile of the student and matches it against a series of predefined values for certain indicators, checking whether the student's dropout risk is at an alarming level. The data used in developing the system was collected by means of anonymous online forms, from 1 st year students, during the 1 st semester. So far, the system was tested using artificial data only, but is currently applied in the Faculty and real results will be available after the beginning of the 2018-2019 academic year.
Introduction
Students dropping out of university studies within the 1 st semester or the 1 st year is a major concern for Romanian universities [1] , which strive to develop counseling systems, in order to reduce this phenomenon. The problem seems to have its roots during high school, where pupils are not sufficiently informed and advised with respect to their possible development. When they choose a field of study that turns out to be more difficult than they expected or requires a different level of previous knowledge, their first thought is quitting. Although the feeling of inadequacy is very common during the first weeks of university studies, regardless of specialization, some students tend to give into this feeling and give up on their studies altogether. This decision is more than often made under a significant amount of stress, tiredness and is not backed up by sufficient reasoning.
The dropout decision is influenced by many factors, from various categories (emotional, educational and financial) and first year students are more exposed. The need for a system that is able to estimate the dropout risk before the dropout decision has been made is stringent. Once a certain individual is currently under watch, as a result of a high dropout risk factor, preventive measures can be applied and specific intervention strategies can be developed.
Building the profile of the dropout student relies on combining quantitative indicators (grades, financial resources, age, etc.) with qualitative ones (integration abilities, interpersonal relationships, etc), resulting in a schematic representation of the dropout student profile [2] , [3] , [3] . Based on these models, recent approaches use computational intelligence techniques, along with data mining, to estimate and lower dropout rates in tertiary education [5] . A fuzzy based dropout estimation system is proposed in [6] , using data gathered from 50 universities in India. The system uses fuzzy logic and logistic regression and provides over 98% accuracy. A hybrid knowledge extraction process is used to develop the fuzzy rules in [7] , where a feed-forward artificial neural network already trained using the student data derives additional rules for the fuzzy rule base. This paper proposes a system for establishing the student's profile and evaluating the dropout risk, based on specific emotional, educational and financial indicators. The data is obtained from the student, during face-to-face interaction with a tutor/counselor and from the secretariat. The remainder of the paper is organized as follows: Section two describes the proposed methodology, the implementation details are presented in Section three, while Section four discusses the results obtained so far. Conclusions and future developments are listed in the final section.
Overview of the Proposed Methodology
The student dropout risk evaluation system was developed using information specific to students from the Faculty of Electronics, Telecommunications and Information Technology from the Technical University of Cluj-Napoca, Romania. The system provides a fuzzy logic interpretation of crisp input values for a series of indicators and other personal data regarding the student, and provides a value for the dropout risk, by comparing the obtained student profile to the one of the dropout student.
Let X be the multi-dimensional space of the features that define the student's profile. For every X x  the system applies the function ,
where P p  , and P is the student profile space. The dropout risk is evaluated by summing the membership degrees of every feature to the predefined membership functions:
is represented by the fuzzy reasoning process. The diagram of the proposed system is depicted in Fig. 1 . Student data, organized into educational, emotional and financial, is the input for the fuzzy reasoning process, which results in the student profile. This profile is then compared to the one of the dropout student, providing the dropout risk, as an output variable. 
Implementation Details
The first step in developing the dropout risk evaluation system was to build the profile for the dropout student. The data was collected by means of an online, anonymous questionnaire, dedicated to first year students. The questionnaire was filled in by over 200 students, at the end of November 2017. The questions addressed the emotional state of the student (transition from pupil life, at home, with the parents, to student life, in a new city, with new colleagues) as well as the educational component (overall satisfaction degree about the faculty, matching between previous knowledge and current requirements). The answers were distributed on a scale from 1 to 5, where 1 means no matching between the given affirmation and the current status of the student, and 5 means total matching. Fig. 2 presents a sample question and the histogram of the answers. The same questionnaire is given to students during counselling sessions. Other data about the student is requested from the secretariat, regarding the educational process (average grade, number of failed exams) and the financial status (eligible for social scholarshipsmall income, increased number of siblings, orphan, special medical conditions, etc.). Along with observations made by the career counselor, these data represent the emotional, educational and financial factors that define the student profile. Three Mamdani fuzzy logic systems are used to build this profile, one for each of the three components. The diagram of the fuzzy system for emotional state is depicted in Fig. 3 .a. The input variables (Integration, Separation and Family relationship) are defined using a universe of discourse between 0 and 100, which is also used for the output variable, Emotional state. Fig. 3 .b. shows a The computed values of the educational, emotional and financial factors constitute the student's profile, which is then compared to the one of the dropout student, by means of evaluating the membership degree of the particular values to the predefined membership functions. A high membership degree results in a high value of the dropout risk. Fig. 4 presents the membership function used for the financial state. The crisp value 30 is considered to be threshold; anything higher means that financial issues have a low impact on the dropout risk. The same type of reasoning is applied for the emotional and educational states. Finally, the dropout risk is computed as the sum between the three membership degrees:
(2) where x_F, x_Em and x_Ed represent the crisp values obtained from the three fuzzy systems, for a particular student.
The complete system was implemented using in MATLAB. A user interface was also developed, to facilitate the data input and visualization of the results.
Experimental Results
The system was put to test using artificial data. Table 1 shows the input values for three sample students, denoted S_1, S_2 and S_3. The output values and the dropout risk for each student are presented in Table 3 , using the threshold values given by Table 2 . Student S_2 shows the lowest dropout risk, which was expected, by examining the high values of his financial, emotional and educational components. On the other hand, students S_1 and S_3 have increased dropout risks, with values over 20%. The emotional state of student S_1 appears to be very low, while for student S_3, both financial and educational indicators are on the low side. 
Conclusions
Dropout among university students is an open issue; solutions for reducing dropout rates and prevention are constantly being sought. Increased dropout rates, especially among first year students, justify the need for an early dropout risk detection method, as well as personalized interventions.
The proposed system for evaluating the dropout risk uses Mamdani fuzzy logic systems for the three factors that influence the dropout decision: financial, emotional and educational state. Individual results are the computed and then compared to predetermined values for dropout students.
The instrument provides a quick and accurate estimation of the dropout risk, thus being a first step in developing an efficient strategy for reducing dropout rates.
Further developments of the tool include integrating the system into the online platform for student counseling, as well as optimizing it for mobile use.
Acknowledgement
The results presented in this paper were obtained with the support of the Technical University of Cluj-Napoca through the research Contract no. 1999/12.07.2017, Internal Competition CICDI-2017. 
